INTRODUCTION
Vitrification as a means of treating inorganic hazardous waste sludges has, in the past, been considered an impractical, expensive alternative (Thompson, et ai., 1979) . However, since the EPA is considering long-term immobilization of hazardous waste sludges as the preferred treatment method, the high level waste (HLW) vitrification technology being developed at the Savannah River Laboratory (SRL) is being proposed for other types of sludges, including low level and mixed wastes (Bickford, et ai., 1991) . Potential benefits of this technology to the permanent disposal of inorganic industrial waste sludges include: a well characterized waste form and extremely low release rates; excellent chemical and thermal stability; no combustible or pyrophoric properties; low generation of respirable particles; and the abilities to accept high loadings of heavy metals, accommodate fluctuating waste types, combust limited amounts of organics (including carcinogens) and totally destroy asbestos. Thus, as advances are made in this technology, including the development of more efficient and less costly melters (e.g., stirred melters (Bickford, et ai., 1991; Richards, 1991» , and due to the ever-increasing restrictions, liabilities and costs on the storage and disposal of industrial waste sludges, it will eventually become economically feasible to the chemical and petrochemical industries.
The experiences being gained at the SRL by operating a one-fifth scale test facility (denoted here by IDMS), which demonstrates immobilization of simulated HL W sludges in glass for the Department of Energy's Defense Waste Processing Facility, should also be insightful to the chemical and petrochemical industries since simulated HL W and inorganic industrial waste sludges are similar in composition. This paper presents an overview of some of the chemical and physical processing steps developed at the SRL for the treatment of HL W sludges which may thus be required to immobilize some industrial waste sludges in glass. The details presented are based on recent IDMS operations, where the processing of an inorganic, caustic (pH'" 12) sludge containing such toxic metals (designated priority pollutants by the EPA (Pojasek, 1980» as Hg, Cu, Zn, Ni, Ag, Se, Cr and Pb, and up to a few thousand ppms of nitrites and heavy organics consisting mostly of benzene derivatives (phenol, biphenyls, terphenyls, etc.) has been demonstrated.
IDMS PROCESS AND FACILITY
The simulated HLW sludge, prior to the addition of glass-forming frit (borosilicate glass), is chemically treated using a suitable reductant (formic acid) to 1) improve the sludge rheology by causing insoluble metal hydroxides and carbonates to become soluble, 2) reduce mercury to the metallic form for subsequent steam stripping and recovery (mercury compounds are corrosive to the melter offgas system), and 3) reduce chemical species (e.g., Mn) which could possibly contribute to foaming in the melter. The formic acid, upon reacting with the sludge, also produces bulk quantities of carbon dioxide and nitric oxide (Ritter, et ai., 1990) . The treated sludge is blended with the frit, and the resulting slurry is concentrated to between 40 and 50 wt% solids prior to being transferred to the melter. During vitrification, 99+% of the heavy organics and residual formate are converted to carbon dioxide, carbon monoxide and water. After vitrification, a stable glass product is produced which contains about 30 wt% waste oxides (see Ritter, et ai., 1990) .
The IDMS feed preparation system is shown in Figure 1 . It consists of a sludge receipt and adjustment (SRAT) tank, two condensers in series, and a mercury decanter, which is designed to collect stripped elemental mercury for subsequent removal from the process. The SRAT is equipped with an agitator, and steam and cooling water coils. Air is forced into the vessel through a side port to ensure that a flammable 1. A. RITTER et al.
atmosphere (due to the presence of benzene) will not form downstream from the condenser. The process water condenser operates between 298 and 323 K. The condensate passes through the decanter and then either back to the SRA T during total reflux or to a condensate tank during concentration. The non-condensible offgases then pass through the chilled water condenser, which is designed to reduce the dew point to 283 K to minimize the concentration of mercury in the effluent.
FEED PREPARATION SYSTEM
MEL TER AND OFFGAS SYSTEM Fig. 1 . The IDMS feed preparation and meher systems.
The IDMS meher system, also shown in Figure I , is comprised of the meher feed tank, meher and melter offgas system. The melter removes water from the feed by evaporation, reacts the feed components, and melts the solids to form a homogeneous glass pool that can be poured into a suitable canister. The glass temperature is maintained at 1150°C. The melter offgas consists of steam, non-condensible gases from sludge decomposition, air from inleakages and purges, mercury vapor, and particulates from entrainment and volatilization. The purposes of the offgas system are to maintain a negative pressure in the melter vapor space, provide adequate air for combustion in the vapor space (maintained at 8000C), treat the offgases to remove condensibles and particulates, and provide the vacuum required to initiate and control glass pouring.
The condensate waste water, prior to being discharged to the environment, is pH adjusted (to = 12) with caustic to precipitate most of the solids. It is then filtered through a 0.2 Ilm ultrafilter. The filtrate is treated by ion exchange to remove mercury, with monosodium phosphate to lower the pH to between 6 and 9, and by activated carbon to remove organics. The ultrafilter retentate is returned to the SRAT. Table 1 compares the metal content of a typical industrial sludge (Jones, 1981) with that of a simulated HL W sludge which is processed in the IDMS into a durable waste glass form (Ritter, et al., 1990) . Since the two types of sludges are very comparable, a process similar to the IDMS should be applicable to the vitrification of inorganic industrial waste sludges. The resulting glass should also exhibit similar physical and chemical properties to that formed in the IDMS, i.e., an extremely durable waste form would be produced. This result is seemingly important as both sludges contain comparable levels of the aforementioned EPA-designated priority pollutants (see Table 1 ).
SIMULATED HLW AND INDUSTRIAL WASTE SLUDGES
Moreover, during the vitrification process many of the toxic organic and inorganic chemical compounds are destroyed and. at the same time, the metal species are immobilized as they become an integral part of the glass matrix. Thus, the waste glass formed from these kinds of sludges can be easily and safely stored or disposed of, thereby minimizing the risks associated with shallow burial and also eliminating the need for engineered or geological disposal sites.
However, in order to make a process similar to the IDMS more economical, some changes are noteworthy.
I) The use of a reductant may not be required depending on the sludge rheology and composition. A feed preparation system is still required, however, for concentrating the sludge, and blending and concentrating the frit-sludge slurry. 2) A variety of frits are available for use as glass formers; and information is also available on how to evaluate the durability of various glasses (Jantzen and Plodinec, 1984) . 3) The IDMS melter offgas system is designed to control the release of radionuclides and removes more than 99.999% of the particulates (Ritter, et aI., 1990) . Less efficient scrubbers and filters may be suitable for vitrifying industrial waste sludges, although this level of efficiency may also be desirable. 4) The capital costs associated with the IDMS melter make it impractical for use with industrial waste sludges. Nevertheless, stirred melters (Bickford, et al., 1991; Richards, 1991) , which are in the development stage, can produce more glass with lower capital investments and operating costs. Furthermore, as waste vitrification technology matures, waste glass forms will be developed that can accommodate higher waste oxide loadings, which further reduces the volume of the original sludge without sacrificing the integrity of the final waste glass form. The specifications on the durability of the waste glass formed from industrial waste sludges will also be less stringent than those required for immobilizing HLW. 
CONCLUSIONS
The EPA regulations and liabilities are continually changing with ever increasing restrictions on the treatment and storage of industrial waste sludges. Consequently, immobilization in glass will someday be the method of choice for the treatment of these sludges, especially in lieu of other technologies which the EPA may not deem acceptable in the future. This method will become even more attractive to the chemical and petrochemical industries with the design of more efficient and less costly melters, and with the further development of vitrification technologies for the treatment of high level, low level and mixed wastes.
